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THE  SELECTIVE  BACTERICIDAL  ACTION  OF  STAINS 
CLOSELY  ALLIED  TO  GENTIAN  VIOLET.* 
BY JOHN W. CHURCHMAN, M.D. 
(From  the  Surgical  Laboratory  of  Y~le  University,  New Haven.) 
PLATES 62 TO 65. 
The recent observation of a  sharp  selective bactericidal property 
possessed by gentian violet  1 raised the question as to which part of 
the gentian violet molecule was responsible for the sensitive affinity. 
It seemed wise to attack this problem by studying substances closely 
allied  to  gentian violet in chemical structure,  2 and the  results  ob- 
tained will be briefly reported in the present communication. 
TECHNIQUE. 
The technique employed was that described in the original paper3  The effect 
of the substance on the organisms studied was  investigated both by applying it 
directly to the organisms themselves  (vital staining) and by introducing it into 
the  media  on  which  they  were  planted.  The  method  of  transplantation on 
divided plates proved exceedingly valuable in this study.  Aqueous solutions of 
the dyes were used,  except in the case of  rosanilin and pararosanilin, which are 
practically insoluble in  water.  Alcoholic  solutions  of  these  dyes  were  there. 
fore employed.  Inasmuch, however, as the reaction to be tested was a  selective 
one it was  not expected that the use of alcohol would interfere with the study, 
particularly as  equally constant results  had  been  obtained  with  gentian violet 
whether aqueous or alcoholic solutions were employed; and the findings justified 
this expectation. 
The  strength  of  dye  used  in  the  divided  plate  experiments  was  roughly 
estimated by the  degree  of  staining of  the  agar.  My  experience  with gentian 
violet had  shown this method to be sufficiently  accurate; and it will be seen in 
the  photographs  that  the  sharp  selective  effect  of  the  dyes  could  be  readily 
demonstrated in this crude quantitative way. 
* Received for publication, December 20,  1912. 
1 Churchman, J.  W.,  Jour.  E;rper. Med.,  1912, xvi,  221;  Churchman, J.  W., 
and Michael, W. Howard, ibid., 822. 
21  am indebted to  President Remsen, of Johns  Hopkins University, for  ad- 
vice on this point. 
s Churchman, J.  W.,  loc  cir.  It should be stated that in making the divided 
plates I now use thin zinc strips instead of the aneurysm metal first employed. 
378 374  Selective  Bactericidal  Action  of  Stains. 
ORGANISMS STUDIED. 
It was, of course, out of the question to study the effect of each 
dye on all the 334 strains employed in the investigation with gentian 
violet.  Four  type  organisms  were  therefore  selected.  Two  of 
these  (Bacillus anthracis and Micrococcus aureus)  had been found 
to be sharply violet-positive; the other two  (Bacillus coli communis 
and Bacillus typhosus) had been found to be sharply violet-negative.  * 
That  is to  say,  when either  of the first two  organisms is  stroked 
across a gentian violet divided plate no growth whatever occurs in 
the half of the plate containing the dye, whereas the last two organ- 
isms grow equally well on the two halves. 
DYES STUDIED. 
The  following dyes were studied: dahlia, parafuchsin, magenta, 
pararosanilin, rosanilin, crystal violet, and methyl violet 5B2  Two 
series of transplants  were made.  In the first  series  the effect of 
the  dye in  question was  studied by  the method of  vital  staining. 
On  a  plain agar  plate  two strokes  of Bacillus  anthracis  and  two 
strokes of Bacillus coli were made.  One stroke of each pair con- 
tained  unstained organisms  for  control;  the other  stroke of  each 
pair  contained  organisms  stained  with  the  dye  that  was  being 
studied.  The  results  are  shown in  figures  I  to  7.  The controls, 
marked A  and  C,  have grown luxuriantly.  The  stained  Bacillus 
anthracis,  marked A', has constantly refused to grow, not even the 
track of the inoculating needle being visible in the photographs al- 
though this was to be seen in the plates themselves.  On Bacillus coli 
the dye was without effect, the stained organisms, marked C', grow- 
• In  my first  communication,  organisms,  the growth  of  which  was  prevented 
by gentian  violet, were  referred  to  as  violet-positive; those  whose  growth  was 
uninfluenced  by the  dye were  called  violet-negative. 
5 A  number  of  experiments  were  also  done  with  paraleucanilin. 
/C~H4NH~ 
CH--CeH,NH  ~ 
~CdH,NH , 
This  dye  is  absolutely  insoluble  in  water,  and  on  adding  alcoholic solutions 
of  it to  melted  agar  the  dye  is  precipitated  out.  The  results  were  on  this  ac- 
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ing  as  luxuriantly as  the controls,  marked  C.  These  plates  were 
made  after exposure of the organisms to  the  dye for  two  hours. 
The results of longer exposures (twenty-fou.r and forty-eight hours) 
are shown in table I.  They are identical with those obtained with 
gentian violet. 
In the second series divided plates were used, the lower half of the 
plate comaining plain agar, the upper half agar to which the dye in 
question had been added.  These were stroked with Bacillus anthra- 
cis, Micrococcus  aureus,  Bacillus coli,  and Bacillus  typhosus.  The 
results for the various dyes were constant, and are shown in figures 
8  to  14.  A  comparison with figure  15  shows that the results with 
the  allied  dyes  were  identical  with  those  obtained  when  gentian 
violet was used.  The growth of Bacillus coli and Bacillus typhosus 
was uninfluenced by the dyes, that of Bacillus anthracis 'and Micro- 
coccus aureus was entirely prevented. 
One is not justified in making positive statements as to the effect 
of the dyes on  organisms not actually studied; yet there is  strong 
evidence for believing that an extension of the study to include the 
large  number  of  organisms  whose  behavior  was  reported  in  the 
paper  on  gentian  violet  would  parallel  the  findings "for that  dye. 
For  it  seems probable  that  these  dyes,  which have been  found to 
have  identical  effects  on  four  type  organisms,  owe ,this  common 
property to a chemical group common to all of them ; and that, there- 
fore, they would have identical effects on any organism studied. 
PARALLELISM WITH THE  GRAM STAIN. 
In my first paper attention was called to a parallelism existing be- 
tween the Gram  stain  and  the gentian violet  reaction.  About  9 ° 
per  cent.  of  the  Gram-positive  organisms  were  found  to  be  also 
violet-positive,  and  about  the  same  percentage  of  Gram-negative 
organisms  to  be  violet-negative.  It  seemed  to  me  of  some  im- 
portance to see if a  similar relation could be established in the case 
of the allied dyes ; that is, whether the organisms whose growth was 
retarded  by  the  dye  would  retain  it  when  stained  by  the  Gram 
method, the dye in question 'being substituted for gentian violet, and 
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decolorized.  These  experiments  were  not  wholly  satisfactory  as 
some of the  dyes stained the  organisms  poorly.  But I  was unable 
to  establish  for  the  allied  dyes  such  a  relation  as  had  been  found 
to exist  for gentian  violet. 
DIFFUSION  OF THE DYE. 
Attention was called in my  first  communication  to the striking 
diffusion  of gentian violet  into  the organisms or~ the plain agar side 
of a divided plate, the stain being frequently observed in colonies 
lying a centimeter or more from the dividing line.  This phenom- 
enon was also  observed in the study of the allied  dyes,  an instance of 
it being Shown in figure 16, which was painted from a parafuchsin 
divided  plate.  I't  will be  seen  that  the  entire  Micrococcus  aureus 
stroke is stained a deep pink at a  distance of three centimeters  from 
the dividing line,  although  the  surrounding  agar is not even. tinted. 
This phenomenon suggests a  strong affinity between organisms  and 
stain. 
CHEMICAL CONSIDERATIONS. 
The  dyes studied have the  following chemical structure: 
Gentian violet.  A mixture of crystal violet, methyl violet, and dextrin. 
.  c CH  s 
/  t~sns i  NH.C2H  5 
Dahlia.  C__C6HvNHC2H~ 
~CsHvNHC2HvHC1 
/CsH4NH2 
Parafuchsin.  C--C6H4NH  z 
[~C6H.NHHCI 
A  mixture  of  hydrochloric  acid and  acetic acid  Magenta  (or  fuchsin). 
rosanilin, and pararosanilin. 
Pararosanilin. 
Rosanilin. 
/C6Hs(CHa)NH2 
C--C6H4NH  2 
"~C6H,NH.HC1 
/C6H4NH~ 
C(OH)--C6H4NH~ 
~'C6H4NH2 
/CeHs(CHs)NHt 
C(OH)7-'-C6H4NH  2 
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Crystal violet. 
C,H4.N. (CHs), 
C  C6H4.N.  (CHz)2 
C6H4 
N. (CH  a),Cl 
Methyl  violet  5B 
rosanilin. 
(Merck).  Double  salt  of 
/Cell cN(CH  3), 
C--CsH ,.  N (CHs) 
~C6H4.N(CHs)HC1 
penta-  and  hexamethylpara- 
/CaH4.N(CH~)2 
C--C6H4.N (CHs)2 
%C,H  cN(CH  s)2C1 
It will be seen that these dyes are ctosely related chemically.  The 
determination  of the  chemical  group  responsible  for their  selective 
bactericidal  power  is  the  subject  of  investigations  now  under  way 
in the laboratory of surgery at Yale University. 
TABLE  I. 
Stain. 
Dahlia ............ 
Parafuchsin ....... 
Magenta .......... 
Pararosanilln  (alco- 
holic solution) .... 
Rosanilin  (alcoholic 
solution) ........ 
CD/stalviolet ...... 
Methyl violet 5B... 
Organism. 
B. coli  communis 
B. anthracis 
B. coil  communis 
B. anthracis 
B. coli  communis 
B. anthracis 
B. coli communis 
B. anthracis 
B.  coli communis 
B. anthracis 
B. coli  communis 
B. anthracis 
B. coli communis 
B. anthracis 
Control. 
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EXPLANATION  OF  PLATES. 
PLATE 62. 
FIGS. I to 7 show the results of staining B. anthrads and B. coli with the dyes 
allied to gentian violet.  The control  strokes  are  marked  A  and  C;  the  strokes 
of stained organisms A ~ and  C  t. 
FIG.  I.  Dahlia. 
FIG. 2.  Parafuchsin. 
FIG. 3.  Magenta. 
FIG. 4.  Pararosanilin. 
FIG.  5.  Rosanilin. 
PLATE 63. 
FIG. 6.  Crystal  violet. 
FIG. 7.  Methyl violet. 
FIGS. 8  to  15  show the  results  when B.  coli, B. anthracis,  M.  aureus,  and  B. 
typhosus are transplanted  on divided plates. 
FIG. 8.  Dahlia divided plate. 
FIG. 9.  Parafuchsin  divided  plate. 
FIG. IO.  Magenta  divided plate. 
PLATE 64. 
FIG. II.  Pararosanilin  divided plate. 
Fro.  12.  Rosanilin  divided  plate.  (Stroked  with  B.  typhosus,  B.  anthracls, 
M. aureus,  and B. coli,  from left to  right in the order named.) 
FIG. 13.  Crystal  violet divided plate. 
FIG. 14.  Methyl violet divided plate. 
FIG. I5.  Gentian violet divided plate. 
PLATE 65. 
FIG. 16  represents  a  parafuchsin  divided  plate  stroked  with  B.  coli,  B.  an- 
thracis,  M.  aureus,  and  B.  typhosus,  from  left  to  right  in  the  order  named. 
B.  coli  and  B.  typhosus grow  equally well on  the  two  sides  of  the  plate,  while 
B. anthracis  and M. aureus refuse to grow in the upper half.  The deep staining 
of the M. aureus stroke on the plain agar side is well shown.  The track of the 
inoculating needle is  seen  in  the  upper  half  of  the  plate  above the  growths  of 
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FIG.  16. 
(Churchman :  Selective Bactericidal Action of Stains). 